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Seawater temperatures play an important role in the shaping and maintenance of
seaweed distributions. In the North Atlantic Ocean, many tropical species are
resFicted to the westem Atlantic (Caribbean), but also a large number of species
has an amphi-Atlantic tropical dishibution with an additional warm-temperate
extension into the Canary Islands, the Mediterranean or Europe. In order to explain
these distribution patterns, temperature responses of tropical (to warm-teÍnperate)
Atlantic seaweeds were determined experimentally and these responses were
compared to seawater temperatures in the field. Species belonging to different
distribution groups were investigated and within species, isolates from different
geographic localities were examined for the development of ecotypic differentiation
in thermal responses. The extent to which paleoclimatic events may have
contributed to these distribution patterns is investigated. In total, 86 isolates
belonging to 22 different species were tested.
The group of strictly tropical western Atlantic (Caribbean) species were
characterized by extremely stenothermal tolerance Íanges (18-20 to 30-33"C)
(chapter 3). Growth optima (25-30"C) and reproduction ranges (25-30'C) indicate
that these species are optimally adapted to tropical conditions. Caribbean isolates of
amphi-Atlantic species showed similar responses, but were signiÍicantly more
tolerant to low temperatures than species restricted to the western Atlantic. Intertidal
species had significant higher upper tolerance limits than subtidal species.
irrespective of biogeographic groupings.
Eastem Atlantic populations of tropical (to subtropical) species reaching their
northern distribution boundary at the Canary Islands had the same responses as
Caribbean populations (chapter 4). This was surprising since the eastern Atlantic
suffered much more from Pleistocene cooling events than the Canbbean, and the
recent annual temperature regime on the Canary Islands (18-20"C) permits only
marginal opportunities for growth and survival. It was hypothized that Canary
Islands populations became extinct during the last glacial maximum (18,000 years
before present), and that these islands were only recently recolonized. i.e. during the
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present interglacial, by dispersal from Caribbean and/or tropical West Atrican donor
populations. Given the relative short time scale involved, these populations were not
given enough time to develop local ecotypes, or recent (nans-Atlantic) gene flow
has counteracted differentiation. In the red alga Lophocladia trichoclados, analysis
of RAPD-data and the complete sexual compatibility of isolates from two sides of
the Atlantic also support trans-Atlantic dispersal.
Tropical amphi-Atlantic species reaching their northern boundary in the
Mediterranean showed clear ecotypic differentiation in low temperature tolerance
(chapter 5). Populations from the Canary Islands and the Mediterranean could
tolerate temperatures down to 7oC lower than could populations from the Caribbean
and the Cape Verde Islands. It was hypothized that Canary Islands populations
became extinct during the last glacial maximum, and that the islands were since
recolonized from cold-adapted eastern Mediterranean populations. These populations
were exposed to cold-stress during the glaciation and were isolated from the
Atlantic by a thermal banier in the western Meditenanean. These hypotheses are
based on the assumption that temperature responses have not changed since the end
of the last glacial episode. Analysis of RAPD-distances of the amphi-
Atlanticffediterranean Digenea simplex (chapter 6) confirmed that the Canary
Islands isolates were genetically distinct from a group of isolates from the
Caribbean and Cape Verde Islands. Although crossing experiments between
Caribbean and Cape Verde Islands isolates showed a reduced interfertility, these
groups could not be distinguished by RAPD analysis, which suggests that trans-
Atlantic dispersal has occurred in the near geological past.
Species from the different biogeographic groups and isolates from different
regions generally had the same responses to high temperatue. Only two eastern
Mediterranean isolates of the green algae Cladophoropsis membranacea (chapter 2)
and Valonia utricularis (chapter 5) showed increased tolerance and growth rates at
high temperatures, which may be atfibuted to high local exffemes occurring during
summer in the arid Levantine climate.
Despite ecotypic differentiation to low temperatures, most isolates from colder
localities are suboptimally adjusted to local temperature conditions. They also had
retained their ability to survive and grow at high temperatures ("Some like it hot").
This supports the idea that warm-temperate populations originated from strictly
Eopical ancestors. When tolerance data were mapped upon a molecular phylogeny
of isolates of Cladophoropsis membranacea nd related species, the evolution of
successive steps towards better cold tolerance starting from a stenothermal tropical
ancestor could be demonsfrated (chapter 2).
The results so far indicate that 1) fropical seaweeds can be dispersed over long






conditions are favourable, and 2) geographic and subsequent genetic isolation is
probably caused by climatic barriers which were generated by the alternation of
glacial/interglacial cycles.
In chapter 7 the results from this thesis are integrated with temperature data of
seaweeds from temperate and Arctic regions in the North Atlantic Ocean. In these
colder regions, ecotypic differentiation has also occurred in isolated populations
which could be attributed to climatic barriers. As in wÍum water species,
populations from colder localities were less well adapted to local conditions than
populations from southem localities. Ecotypic differentiation in Arctic/cold-
temperate species included fine-tuned (temperature-daylength) adaptations to ensure
the right seasonal timing of reproduction. This is in contrast to tropical species
where the small seasonal temperature fluctuations do not demand such intricate
adaptations.
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